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(54) SEMICONDUCTOR PHOTOCATHODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
photocathode that has a light-absorbing layer, formed of 
AlxGa1-x(0<x<1) and has high quantum efficiency. 
SOLUTION: An ultraviolet region light, made to be 
incident from a surface layer 5 side goes through the 
surface layer 5 and arrives at the light-absorbing layer 4. 
The light that has arrived at the light-absorbing layer 4 
is absorbed in the light-absorbing layer 4 and 
photoelectrons are generated in the light- absorbing 
layer. The photoelectrons are dispersed in the light- 
absorbing layer 4 and reaches the contact face of the 
light-absorbing layer 4 and the surface layer 5. Since the 
energy band is bent in the vicinity of the contact face of 
the light absorption layer 4 and the surface layer 5, the 
energy of the photoelectrons becomes larger than the 
electron affinity at the surface layer 5, and the 
photoelectrons are easily emitted to the outside. Here, 
since the light-absorbing layer 4 is formed of 
AI0.3Ga0.7N layer with the containing concentration of 

Mg of 2 X 1019 cm-3 or higher and 1 X 1020 cm-3 or lower, a semiconductor photocathode 1 of 
solar-blind type, having high quantum efficiency, is obtained. 
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©TfS&<, «*aSBfe&r?riBlf**. AV77-I3 

te&<. 0BS.fi. 1 0 nmd^ 2 0 0 nmSTe*oT 
fc&v WdSfiSfc/'* y 77-13 <Z>J^J»lseTF©a 0 

T> ¥fi&Bt?&S££#M3ib<. t<Drz&\Z\Z., 'P 
ti<£hl 5 nm£U:dWaiX*-5o i&HECtK: 

h09±#tC^^-5CD17. Jftl 0 0 nmOT#W^& 
-5. 

[0 0 7 2] ^3iM©¥^7t«l^l 1 

Clt A*777- J13TCD3tCDlRiR&ffi*tCPA.-5fe«e), 

nm*»6#55 0 0 nmdW$UV^„ 
[0 0 7 3] *fc, ±l5<D^©^^i5^T«, A'77 
7— H3(3:A 1 NTfSg^nT^fc^, Al.Gai-.N 
T^Sn-5<fc^lc:UTt>cfcti. Al.Ga 1 -.N/%7 

7 ^mm<n^m^HMW& 1 1 ciwr*«#R: 

tt, Al I Ga.-NAy77-l©AIffl)*xtt, 0^ 
ilElTfflffitfflf?^^. Sl^fMo^^Ttmi^ffii 

— M3CJ:S)t©a»R©'ijBE*%<'^e>"P*So 



(7) #11200 2-1 50 9 28 

11 12 

7 r-m 3 ©a i m&x&xmzm 4 ©a i m&t tcwsfcts^x i , wmm 4 toxmz&^-zxM. 

l^—t UTfect lr\, ^ 4 ^fiTr^. A l.Ga.-. N© A 1 ffij&x <fc|^— © 

[0 0 7 4] A'y77-13®AliJiStx^ M£&£<fc5tdir#^fc$-a:-5 i&l/*o 

®iRS4<DAiaEKtH— £Ufc=¥*tl#3fc«l&BS2 1© [008 0] ±^OJ;^{CS^2«^AIt^n 

*&KBUtta*>. £©*&, 3fc!WI5W4©|RWi2 5n [0 0 8 1] HI Ott. JBMFHBBft*"*-*^ ?7— 

m^6> 2 0 0 nmifSU, JSC 5 0 nm*6 10 0 J8 (Stiffly? T—M) &mtt¥mfc%MW&C>-- 

<DU®iK2nrcmtiz.wMi etm&zti&o 3 3 , • • • Ini3. t^r^oiznmoA 1. 

[0075] j8^©¥*{ttftimi lli:Al,Ga Ga,-, N<Dmmfr*>fie.2>. «*U)W©fltWKk 

i-.NA'yyT-BSjgffl-r^*^^, toAimti. mm£MWt£.fr*>mg.w£)<z>n-c&<. #iai£io~5 

gS«2©«S^6X«Lfc3fe5Vty7T-JI3fc [0 0 8 2] SglJf 3. ©A 1 ffij&x, , MI2J13 

!RiRSn*Ci:*<3t!»»KJl4^t5!Hrr*<k5K:Tf* *©A lffiji£x 2 , i3I3,0AlMx s . • • •> 

i8nji©Aitaax.<oniicii. xi>x2>x 3 >- • • 

[0 0 7 6] $?>C jgiIl!©#3H*:}EWgS8l 1 1 ® * ->x.omW*** (fc*£U 0^x., X2, xt, • 

Al.Gai-.NT?Jgj«Stl<5Ay7r-M3© • -x.^1) . SSfC, ■£©a6B±fc3BK'K»4;MB 

A 1 fflj&x£*|g2 tM^^lPlC»r^WS«k'5{C ^n^inlCA 1 ffififcx, ^©xKS4©A 1 «. 

HfeS^, £©#£«> S^2t©^®fC*3t/^Tx= jfcx£«SL*\, CftK«kB, Sff/^77-|<DAl 

1, ^jroi4i:©si^^iT)t!RJK«4«R*rs ffii«xtt, asK»wc*:*<^ ^JR»«0T«iRS 

akg a. , n©a i m&x tm—£fcz>&5izmxM ©a i m&x tm-t.fs.z>. 

-fK**©3»»S6lClff*^>. ^©SEfil±£rF©»9T: [0 0 8 3] iO«fc5a8tS?/^77-IH 

fe ^ o MOCVDggKT£©fi£/&g:-rSI^ TMA 1© 

[o°o 7 7] 2^©¥*ft3ftBmn i cawm*. ««*^mr B i{^bTFi^-Jiiirr§<tp^-rn 

©£ 5 fcslft«©»£> AMbfc^iMy 7 r-B 3i:^ [0084] 3sfc, S»W<y 7 7 -m*m&frZ>®& 

A ' > ^ t , y 75j;0^< UTi3<^tdWiL^ [0 0 8 5] £e>lw, ^Bft£jeiJ|3i»«fi(m 

Al.Ga,-.NCDX^-n>l«^7^1 Aim t£4 5 0*0. 1 »2JI3i.aflfi&(m«* 1 0 7 5<C)> % 

f&x&KDt&ZMck (6. 2eV) .ktsT. 3@3 3 fi» • • • • • J:5K#i^T 

Aaftthv*vty7T-fi3ififtiRsn*©«:i»<fcie) 2flSK3Eft:s-e:a«fc5icuT , bAt\, ^ntaae 

\Z\t, ;ly7 7— JS3©A ljSJ^xSldW^**. ^l®3ililSffli. ^2J13 2 te{£M> ^3/13 3 te 

[0 0 7 8] L*U<t^^. AlfflfijcxSn (SP-fe/^-y A&L <hUTfc&</>o 

7 7-13M1N) ©P^Cte, ;^77-13®±K [0086] JdE^ttBKieCfeW-S/ly 

J^figSn-S^iRiRB 4 (A 1 o. 3 G ao. 7 N) ©t&^^C Jf 3 tftWm 4 £©MK:, ±M©@t&TA*<.y 7 7 -f 
A 1 N©*?®Rt©S&*Kl 1 . 7 7 40 %&fr&/urdffit£lsXh£.^o Sfe. *^2±(3> A 

-5. i©«k5^y7r-«3©±K:riEfibfc3t!RiK« y7T-»3aBKF-/^7r-*i:*»*a»«U H 

4m, *^d»*^»iis^uTu*5**«*s. \zz<Dimffly7y-s±\z. rty?T-m3iiym 

^nrz^M^m^mzmm^nB < & o , [ o o 8 7 ] eu:©«fc ^ gm±.\zgrmm&mi&v. 

^ o ^nSr-tSfrSdi^-Cfr-g)©-!?, ^©.fc^^il^h 

[0 0 7 9] ^©cfc5^*^»7-5fc«e>m> ^«t"S*!R»R»4©tgatt*lSLh^*t^5*!I^ 

7-13 t^K^ 4 t©te^f&©lt£M4>£-trc, 

^®1R* 4 iCiSltatt^teWfB^SttlitS ©Jft^S* U [ 0 0 8 8 ] **5, C ©«fc O ^j@^A* y77 

ti. t<Drzsb, ;\'y7 7 -i3©Ai«x*5, »g2 ^ igufcA i tttx*WR£.msu&tt\zm#&Mkt&rt 



(8) #112002-150928 

13 14 

mzrnm u z.n*><Drtv 7T-m*mM<D¥mmt co o 9 5 1 h 1 1 ±iE?B2©OTyt8c£5¥« 

[0 0 8 9] MOCVDmz&Drtyy T—M*£.Wt (D^M^&^o 01 1 ^TitD, -f 5H>r> 

!Ril5^^W5l^lK|B|^^*5^f3^Jia9i, >7 7<750 £J4, »2 ©*»glBfc«fcS»affi!© i l t 

MO CVDH0DJS^i:ftrrSfcJ?)> JgS:^ BfeftttttE 1 1 5 5 9 \ZU 

I3H> 4 5 0t<h^5Jt<g^^^T!j&Sbfe#, [0 0 9 6] -tbT, H®»<«t'3fcfMW»Z*^T, 

ftftJKS4©ld£glSi:|i3«fc 1 0 7 STCtt^fciftttT! I n» fc<fc0«W?5 5KB*£nTVsS. £©£ 

j&SUCfcHi^. ?SjftKT/t:y7r-«3*riERr** #^&*«i$Bl l©l«20iffi(A*777-I 

^ 7 - m 3 cDJdipi. 1 0 nm^e. 1 mmST©|g -f750 ©7fe7v*H& 5 1 ^#§5 9 ©^K:*^ 

iTffi<. 1 5nm^£5 0 0nm;re©ISffl T, ^m^mi^ffil 1 ©Stffi/f 5 fcttnTT 3<k 5 

dW^i?cb§ 0 jw^^;u:7V-h (mcp) 5 2W5tiw 

[0 0 9 0] TMGatC<ftfc>0 MJ X^-JWfU # 5„ 

A (TEGa : (CHO.Ga) fc^TJ&J^C S [0 0 9 7] uOMC P 5 2 ©¥3W£3fc«lg*& 1 1 <fcR 

tH7^>a^^»^TfeS^. 304*7 T'T/'^t^aRa (FOP) 5 4^^, E 

[0091] $e»tc jjB©*wg»K*s^-ni. tti4*NW*$fcSPtas 1 1. «I5 5 tt%\z. «M 

2tbTt7 7'f T^JB^fo^ LiGaO., NdG 5 9 SrigfifcL-T^-S, 

aft, LiAlOa, MgAhOu ZnO, MgO, [0 0 9 8] 7t7vl^5 lK*Hfc&*JSfl53n*£, 

a in, GaN, s i c^e>&£^p©^T*i#> #*«IS@1 l®*S^5^e»«^-^Hl$tl-5o EE 

lOSffl^Tt)^^ fc£:U 3ti&l!©¥3§#Ml 1 If, ^®«5^e»^Ctii^n-5*^©3^©2)fcn^)^:(* 

fc^(DT\ a6R2 0DX*;m?— /t>H^y^i/1y 7 TV><. MCP5 2{dAML-fe«f{^ MCP5 2tC<fc 

r-J13RtJ%!RiKJi4J:D^*<ri l {5®&«*<5. DffiWIStU S^KI, MCP 5 2 <fc 9 fclftt^miifcflfcfc. 

[0 0 9 2] ffig 2 *«Wrt--5«*HC«fc 0 > 5 3 fcffl*^ TJRfr UT^ < . 

2 ©M&JI&tf+>--^;k7 U -n>^mS^^tiS^-5 [00 99] 5 3 izfafr-D TffiTl,tM¥W@&£ 

©77, <ifflt5»i:> swohruh^-t;i^u— x D55 3fc«s£r-g>£, it3t®5 3#5§7tu m7t®5 3 

Vi„ «r£, N d G a 0 3 ^t'OlUCW^lSSlt 2 5: ^©iSc© 2 ^t«J7S:^W4, «te«*"T?**3lfiffc©lft* 

fflt^t^CH a£tmBffa«5E3ft<5©£:KF<;&*. $MfrK*J«UCV>*©-R gfcft® 5 3 ±134* $c«7£ 

©&#^3!#i&^T& -5. ©ffeti F O P 5 4 LT«?H£ £LL© J; 5 IZ V 

[0 0 9 3] ±ES 1 2 ggtttsgftgfc&t* T, mmft&iM *-5M >5t>~>:7 7-f750ia 

Tfi, ;try7r-J13K:Mg*«bnUT^©»ft<BffiK Oteif^n, tijg£n&o 

pSMtr-5<htt>ir, *!RJR»4RtJOTJi5©-aJS: [0 10 0] ±fESH 2 ©^gS^ffitCi^^^Ttmi^® 

x.>^->^ctoi^*bTA*->7r-B3&gm^ii-, i umm&az&^wmm&^-z^zv^ -© 

Jl©fltaiaiRr«S6*»J5&r*«k5K:Lfc» A* >f»7 7-f75 0^^nH 

•>^>yt'iDI^3feUT^lK«4^tB$i±, d©g £WV%%„ 

tm\znm e t«w-««k 5 uxt>^s. [ o 1 o 1 ] ^*s, m 2 ©iae^»c«j:**«ft3tw» 

[0 094] #?|BJ3K£3 ¥aPNfc7t«|5i»4, *m^ii H 1^ 5M" >5^>'>7 7^750 iCaSffl-T** 



(9) 

15 

*a»fcwrr £ £&< > shot 5 zm&isfrmggmfo 
tmeetiz&^t. 01 i^-r^^S5 9i^A-r 

[0102] sL£mwvfc£?\z. AWMeicfcoaes 

flt. Mg©£^*9»*2Xl 0 19 cm- 3 £JUblXl 0 20 
cm'&TT^Al.Ga-.Nl (O^x^l) ^ 7* 

[0 10 3] JJE«CMglBK:«fc* a l £ #*3tWSf 
tt£> 3£B*KJ14*J&S*"*A KGa^.Nlt 
J£x#0. 3^x^0. 4-e$>-5®T?, 3 0 0 nrnJ^T 
©^S^sr^^^^-^ VxbW>SSolaHjlind 

©t?, ym&m 4 «m g sasitrr-g. z. t \z ± DWit 
^iRji4<hbTigTg^mmw^45: ; rrso 

[0104] 

[HI] 0 Hi. ©*^fgK<fc5¥#ft9ft«£« 
[02] 02«, 0 1 ©#^5fe«|gffiR©&?S»£3B 
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[0 3 ] 0 3 0 1 row*^m^«STSs^©jS 

[04] 04fi> ®l<D¥mti&(MS£&V>&&2 8 On 

[05] 05«> 0 1 (Dym#ytM'£Miz&ttz,. m& 

2 0 0 nmCWeK3*r*»T«l*tafeR2 8 0 nm©ft 

1#tt0l7$)So 
[06] 06 «U $g2©||J^&K:<fc£¥#f*3teSli$l 

©«M^^a | j^rsa!«fe©w§^^-r^0'e* 
[07] H7I*. m2<Dmmi&\z&z¥mwemm 
[08] 08^. &2<D$mmK&&¥mmm!m 

©$cfi2 8 0 nm(Dft\Ztt^%M^b&e>yLefflg.&& 

[09] H9tt. g«_LK ItS^flRWI SrJ^fig 

[010] 01 Of*. iB»?«BS**rr*Ay7r— » 
^<iA.^#^7fe«l^©-^J^*t^0Tcb-&. 

[01 1] 01 ni. *5£m\z&&¥mfeyms£M%m 
i~*mfoym®M. 2 -as, s-zty^r— ». 4 

-}ft»KJ* 5 -*flffJi, 6- 7-B&«8&. 1 1 
-¥^f*:^t!Sfil. 17-R§«fe 5 SM > 

51-ftASm 5 2-mcp. 53 
54-FOPo 

[06] 
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